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Chapter summary

The promotion of electricity generated from Renewable Energy SourE& (Rs
recently gained high priority in the energy policy strategies ofyncanntries in response to
concerns about global climate change, energy security and other reasons. dtkis cha
compares and contrasts the experience of a number of countries in Europe) thatetS as
well as Japan in promoting RES, identifying what appear to be the most sucpebsjul
measures.

1. Introduction

The current high standard of living enjoyed in industrialized countries owes much to the
high per capita consumption of energy, an increasing portion of which from etgciviei,
many experts believe that the current patterns of generating efgctnainly from fossil and
nuclear resources, are not sustainable in the long term. Moreover, as Ford éx@lains
accompanying chapter in the same volume, there are increasing concerrth@bout
environmental costs associated with electricity generation, notablylgrese gas emissions.
For these and other reasons, some experts are convinced that we must find gracyaily
convert into a more sustainable energy conversion and use over time. Such a conversion is not
easy for many energy-intensive applications such as the air transporbati is relatively
less painful in case of electricity generation.

A number of studies have concluded that with efficient use of energy, even a high
standard of living can be sustained with renewable energy resources algrigcfesgr, 2001,
Flavin & Lenssen, 1994). While this may be an extreme case, many are cdrthgicee can
—and should — rely on RES for an increasing portion of our energy needs. In a 2005 study, the
European Renewable Energy Council (EREC), for example, concluded as much as 40% of
our energy needs could be supplied from RES by 2040.

Theoretically at least, there is plenty of RES to go around. The amount of sidéiora
falling on earth every day exceeds the energy we consume world-widean. & kie problem,
of course, is that it is widely dispersed and intermittent. But with human ingenuity and
improved technology, more RES can be captured and put to use. Historically, the largest
contributor has been hydro resources and biomass. Technically speaking, the reslource
the largest additional future potentidbr generating electricity from RES is wind energy,
followed by photovoltaics (PV), solid biomass, hydro power and biogas. Other options with
vast potential include tidal and wave power as well as solar thermal efgctric

The appeal of renewables continues to grow (e.g., Meyer 2003) due to:

e Their contribution in reducing greenhouse gas emissions associated with current
electricity generation;

¢ Reduced dependence on imported energy resulting in energy security and a more
diversified resource base;

e Contribution to increases in local employment and income; and

! There are a variety of definitions of the renewadtergy potential, e.g., Voogt et al.(2001) spesis
follows: "theoretical potential® > "technical patél " > "realistic potential " > "realisable pot&l." Note the
technical potential is substantially larger tham thalizable potential that takes into accountesurnon-
technological factors.



e Working as a hedge against volatile fossil fuel prices, as well as avoisksgfi
disruption in fossil fuel supplies.

Despite these advantages, renewables face a number of barriers ikthegantribute to
the market on a large scale (e.g., Komor, 2003). The major barrier is the curtent cos
disadvantage compared to electricity generated from fossil or nugtdgr A significant
switch to a renewable energy system would initially require substamtedtments in
infrastructure and will require technical innovations. Yet, such a future esasdtih principle,
not far fetched because the costs of RES have been steadily declining and ate fiekely
even faster as a result of learning-by-doing, the economies-of-scalepautesl
technological progress. Moreover, one convincing argument for supporting RESothéra
energy technologies have traditionally received — and continue to receive — enormous
subsidies from governments (e.g., Osterhuis, 2001).

Aside from technological and investment obstacles, there are institutionatgbalitd
legislative barriers as well as problems arising from lack of sesffigrid capacity and public
and political awareness in many countries. Additional barriers include ladeqfiate
recognition and support in regulatiénahich limits RES’s contribution.

To overcome these barriers, many governments have set ambitious targetdsatal goa
promote electricity generation from RES in recent years. The European (BU), for
example, issued a directive in 2001 with the target to increase the skebaradity from
RES from 12 % in 1997 to 21 % by 2010 (EC, 2001). A more recent decision sets an even
more ambitous 20% RES target fotal energy by 2020.

Currently, a number of schemes are being implemented in different countrieetsec
the share of renewables in the energy mix. While the specifics vary, mestex are
attempting to:

¢ Enhance social acceptance and increase public awareness of renewalhjie e
e Improve reliability, technical performance and standardisation;
¢ Remove obstacles to grid-connection;

¢ Reduce administration and transaction costs while and minimizing the financial
subsidies; and

e Ensure sustainable growth of the renewable energy industry.

The major promotional strategies include have investment subsidies, featfsr{f#r),
tax incentives, portfolio standards, quota-based tradable green certifica@€yand
tendering systems. While each scheme has certain advantages, there i€nsusoms what
may deliver the best results at the lowest cost. This is a crucial isgaeiadly if we are
going to rely on renewables for a growing percentage of energy mix in tine.fut

This chapter examines the experience gained from various regulatory and support
strategies for the promotion of electricity generation from renewablesca@adary objective
is to provide evidence to improve future policies. The chapter’s primary focus daiptries
with considerable experience including the EU, the U.S., and Japan.

% This cost barrier is partly due to the lack oéedl playing field as long as externalities froradib fuels and
nuclear are far from being included in the consupnire.

% See also chapter on Distributed Generation wterémplications of absorbing large amounts of RE®ie
network are discussed



The chapter is organized as follows. Section 2 covers historical development and the
future potential of renewables. Section 3 classifies different types of poralostrategies
and summarizes the experience to date. Section 4 evaluates the most importanmpabmot
programmes in different countries, and section 5 discusses the relative meiffesrent
strategies. The chapter’s main conclusions appear at the end.

2. Historical overview

For millennia until the advent of industrial evolution, humans relied on renewablg/ energ
for most of their needs, albeit at a mere fraction of what we typically usg ©dar the past
two centuries, humankind has increasingly relied on fossil fuels, which are blangtdifal
climate change.

Figure 1 shows the recent pattern of electricity generation from edresvfor EU-25,
US and Japan for the period 1990 to 2004, where EU has managed a gradually increasing
trend compared to the US and in Japan. The side bar in Figure 1 shows the mix of renewables
with the dominance of hydro electric generation everywhere
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Figure 1

breakdown of electricity generation from RES in 2004 (right)
Sources: EUROSTAT 2006, IEA 2006b, METI 2007; Black & Veatch 2006

Geothermal W Solar

Recent pattern of electricity generation from RES in EU-25, bdSlapan (left) and

An entirely new picture emerges if hydro power is excluded (Figure 2). Whie iearly
1990s the US had the highest non-hydro renewable generation, the EU has assumed this role
since 2002, mostly due to a rapid growth of wind energy. The development in Japan can be
characterised by modest growth in the waste-to-energy and geotipenwwealin 1990s and in
PV and wind power in 2000s, with biomass resources such as black-liquor utiliseurgd

and paper industry playing an important role over the decades.

* Annual fluctuations in meteorological conditiongkin the year-to-year fluctuations.
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Figure 2 Historical pattern of electricity from non-hydro RES in EU-Z5add Japan
(left) and breakdown of the mix for 2004 (right)

Sources: EUROSTAR006, IEA 2006b, METI 2007, Black & Veatch 2006

Despite the recent gains in Europe, the recent pattern of growth of élegeiteration
from renewables is far from a success story. Between 1997 and 2004, for example, no country
or region has been able to significantly increase the share of renewablpsrasntage of
total electricity consumed as illustrated in Figure 3. In the EU, timeigia modest 2% from
12% to 14%, Japan shows a slight decrease while there has been a significant dro@jn the U
from about 14% to 9%.

Within the EU, only a few countries such as Denmark, Finland, Hungary and Germany
have managed to increase their renewable shares considerably during the periag bed m
considered to be on target to meet these indicative targets as set in Directivg/EHD1For
the EU as a whole, the 2006 actual is far from the target set for 2010. For the US, mo specif
targets currently exist on the national |IévElsewhere, renewables continue to grow in
absolute terms, but the story is pretty much the same: as a percentage lefctizitye
generation, renewables have a hard time keeping their current penetrati®n leve

® In addition to these sector-specific targetsQ%2arget on primary energy for all sectors ex¢eptsport by
2020 was introduced in early 2007. Yet, no spetifigets for electricity have been specified whch
weakness of the new strategy.

® However, in the US, a number of states have sge¢tsand currently there is a proposal for a 158date by
2020.
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3. Promotional strategies

With the exception of hydro, some biomass and wind energy plants at favourable
locations, most renewable energy technologies currently are at a cdstdisae relative to
conventional technologies. As already mentioned, part of this cost disadvantageoishdue t
fact that most conventional technologies have traditionally received -oatidue to do so —
significant direct and indirect subsidies including those offered to nucleayyesad oil and
gas exploration. Moreover, until recently, the full effect of the extereglitiotably emissions
of greenhouse gases, have not been reflected in prices.

Renewable energy advocates argue that RES deserve similar subsidiescome their
current cost-disadvantage, pointing out that over time, these subsidies can be reduced or
eliminated. Such arguments aside, the pace of development of electricitytigarfeoan
RES is closely linked to the level of financial incentives and/or regulatongates, both of
which are dependent on political decisions. And these are the main variables ¢nantizte
the development pace and penetration of RES in different countries. This sectiamesxam
number of schemes for supporting renewables and compares the results.

Table 1. Promotional strategies for supporting RES (Menanteau et al 20041 Hb2@0)

Direct Indirect
Price-driven Huantity-driven
¢ Investment subsidies .
Investment T dit e Tendering system for Environmental taxes
. L]
focused * faxcredis investment grant
e Low interest/Soft loans o Simplification of authorisation
Regulatory « Tendering system for procedures
G ionbased (Fixed) Feed-in tariffs ~ long term contracts ~ ® Connection charges,
eneration base ;
o Fixed Premium system e Tradable Green balancing costs
Certificate system
Investment e Shareholder Programs
Voluntary ~ focused e Contribution Programs e Voluntary agreements

Generation based e Green tariffs

Table 1 provides a classification of promotion strategies (Menanteau et al 2684tHé
2004). Fundamentally, there are four basic ways to subsidize or promote RES:

Regulatory price-driven strategies

Under these schemes no quantity goals or targets are established. Ihstéam)s is on
providing generators with financial support in terms of a subsidy per kW of capestédlled
or a payment per kWh of energy produced. There are a number of variations under this
scheme such as:

¢ Investment focused strategies where financial support is provided througtmewn
subsidies, soft loans or tax credits, usually per unit of generating capatateid;

e Generation based strategies where financial support is offerdiked payment or as a
premium per unit of energy generated.



Under a fixed payment scheme such as feed-in-tariffs (FITs), gerserateive a fixed
amount per kWh generated regardless of the costs of generation or price while under a
premium scheme a fixed amount is added to the electricity price. In pragisceakes a big
difference for the renewable plant owner. In the latter case, the t@@lrpdeived per kWh
(electricity price plus the premium) is less predictable than under thieel€Huse it depends
on a volatile electricity price.

In principle, a mechanism based on a fixed premium — one that reflects an envirbnmenta
bonus for RES and penalizes conventional energy for their externality costs — tablidles
a level playing field allowing fair competition between RES and conventionalrsmwueces.
Such schemes have the advantage of allowing renewables to penetraaekdtegmickly as
their production costs drop below the electricity-price-plus-premium. Togetheothigr
incentives and considerations which taxes conventional power sources in accordance wit
their environmental impact, well-designed fixed premium schemes arettbaity®ne of the
most effective ways of promoting electricity from RES.

Regulatory quantity driven strategies

Under these schemes, the policy makers set a desired quota or goal, ushalltavget
date, to encourage the market penetration of RES. Examples include:

e Tendering or bidding schemes which call for tenders to acquire specific ambuafsmcity
or generation from specified types of RES. Competition between bidders leads to the
winners of contracts which will receive a guaranteed tariff for a spdqkriod of time

e Tradable certificate schemes such as renewable portfolio stanB&8$§ (vhich are
popular in the US, or tradable green certificates (TGC) in Europe. Theseesctypically
obligate one or more parties involved in the electricity supply chain such as thatgene
wholesalers, distribution companies, or retailers to acquire a certaimfagre®f electricity
from RES in their energy mix. Most schemes allow parties to tradeicags to
demonstrate compliance. Certificates can be obtained in three ways:

e From their own renewable electricity generation;
¢ By purchasing renewable electricity and associated certifit@@sother generators; and

¢ By purchasing certificates without purchasing the actual power from aag@ner
broker.

The price of the certificates is determined by a market for cerécatich as in Nord
Pool.

Voluntary approaches

Voluntary schemes are based on the willingness of consumers to pay a prengueerfior
energy. There are two main categories:
¢ Investment based schemes driven where individuals voluntarily contribute to remewabl
energy by providing up-front capital and

e Generation based schemes where consumers pay a volumetric premium fablenew
electricity deliveries.

Indirect strategies



Aside from the schemes already mentioned, there are other stratbgibsnay have an
indirect impact on the dissemination of renewables, including the following:

e Various forms of eco-taxes on electricity produced from non-renewable s@urde as
carbon taxes, sulphur taxes, or other

e CO, emission allowances which are the subject of muck tatid
e Removal of subsidies previously given to fossil and nuclear generation.

Indirect schemes could also include regulatory and institutional assigtahming
preferential permitting and siting, easy connection to the grid and the opatatbncessions
that makes it easy to feed RES-generated power into the system. Thigidgrly important
because most RES generation tends to be intermittent and unpredictable.

Preferential permitting and siting can reduce potential oppositions to RES ip iduaty
address issues of concern, such as noise and visual or environmental impactsoRegalat
be used to set aside specific locations for development and/or to omit areas ofiskgbier
environmental damage or injury to birds.

Standardisation of interconnecting RES-generated power to the grid can ease
requirements that are often overly burdensome and inconsistent and can lead to high
transaction costs for RES project developeafety requirements are essential, in particular
in the case of the interconnection in weak parts of the grid. However, unusudiynsome
criteria on interconnections can lead to higher prices for access to the grilcases are
used as an excuse to deny access. Clarity, transparency and reasonabsafetysanid
interconnection requirements are critical. Moreover the rules must beank&air for
distribution of additional costs imposed by RES on the network. Finally, there mustbe c
rules delineating responsibility for physical balancing associated tonitient production
from some RES-E technologies, in particular wind p&wer

Historical milestones

The birth of today’s modern renewable energy industries may be traced larget
pioneering efforts of private Danish investors and developers in the early 1970glaad t
passage in the U.S. of the Public Utilities Regulatory Policy Act of 1978 (PYRWch
arguably introduced the earliest form of a mandatory feed-in law in the poweiryndine
state of California, long a proponent of alternative forms of generation, dedelope
attractive and generous subsidy scheme — called standard contract formgguédiylities or
QFs — which, when combined with available federal and state tax credits, stuhthia
deployment of renewable energy projects. Both PURPA and the California sdiemser,
had their drawbacks because, arguably, they did not provide an adequate incentive for the
deployment of efficient technologié&s.

" Promotion of renewable electricity via energy nvieonmental taxes can be achieved either by exemRES
from energy taxes or by providing a partial or ko&und of any taxes collected.

® Refer to section on global climate change fortfertdiscussion

°® A companion chapter discusses regulatory aspéetsoouraging distributed generation, RES and cogti
heat and power (CHP)

1 These issues have become pronounced in courkée§érmany and Denmark, with significant penetratf
wind

1 Although the federal government plays an importat# in providing tax incentives for renewablgstss
have historically been the innovators in supportigcommercial application of RES technologieghaUS.
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Some critics have characterized the aggressive promotion of renewabléfoimi@as
too much, too soon, and at too high a gfide contrast, the Danes implemented a testing and
certification procedure for wind turbines as early as 1978 as a pre-condition feimnigece
subsidies resulting in high reliability and productivity (Meyer, 2004a and 2004b).

In the early 1990s, promotional programs based on regulated and obligatosyfaatifie
purchase of electricity from specified renewable sources becamearoamnd were refined in
various European countries. The most important schemes include fixed FIT and fixed
premium systems used in Denmark, Germany, and Spain to good effect. Under these
schemes, utilities are legally obliged to pay the prescribed FIT assahg &ES plants meet
certain technical standards. Not surprisingly, the 1990s saw a wind power boom in-Europe
especially in Germany, Denmark and Spain where generous FIT scheraastvoeluced.

More than 80% of the European wind capacity installed at the end of the 1990s was located in
these three countries. The competitive tendering system, favoured in the Ukaaod Ras
had limited success.

Meanwhile, in the U.S., after an initial growth spurt in the 1980s, the 1990s saw relatively
little new development as the standard offers established in California andtatesrwere
no longer aggressively promoted.

With the ongoing liberalisation of electricity markets across Europe andaathetries,
tradable green certificates (TGC), based on quota obligations for RES haweeh®ore
prominent. In Europe this scheme has been tried in Italy, the UK and Swedenrgndiffe
variations, so far without great success. The first application of such a quatassteen
occurred in the U.S., at the state level with or without TGC. Renewable energy qwetas ha
recently become the most popular support scheme in the US and an increasing number of
states have implemented them.

In general, whilst the main goal of early subsidies was to increase the sepptity and
fuel diversity, the focus of programs in recent years has shifted to redueraigston of
greenhouse gases. Table 2 summarises the most important historicalmagdet
promotional strategies.

2 This colorful phrase is attributed to Michael Peg\a senior vice president at Southern CalifoEd&son at
the time and currently the Chairman of the Calif@fublic Utilities Commission.
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Table 2. Historical overview on promotion strategies for electricity ganaratom
renewables (Haas et al, 2007)

Year Country Type of strategy Program name Technolo  gies addressed
1979-1989 DK Investment subsidies Wind, biogas
1978-1989 us Feed-in tariffs/Tax relief PURPA All technologies (except Large hydro)
1989-1996  DE mg%";gf};i‘;ﬁ;‘f'es "100/250 MW Wind Programm®  Wind
1991-1993  DE m:sfgnggnlgst‘;ﬁ?f';j'es "1000-Décher-Program” PV
1990-1999 UK Tendering system NFFO / SRO / NI-NFFO Selected technologies
1990-present DE Feed-in tariffs "Einspeisetarif" PV, Wind, Biomass, Small hydro
1992-1094 AT mgitenggnﬁ‘;ﬁ;'g'es 200 KW PV-Program PV
1992-1997 IT Feed-in tariffs “CIP 6/92" All technologies
1994-present US Tax relief Tax production credits Varies over time; focus on wind
1991-1996  SE Investment subsidies Wind, Solar , Biomass
/Tax relief
1992-1999 DK Feed-in tariff Wind, Biomass
1992-1999 DE, CH, AT Feed-in tariffs "Kostendeckende Vergitung" PV
1994-present  GR Investment 1994-now: Operational ProgramPV, Wind, Biomass, Small hydro,
P subsidies for Energy and Competitiveness” Geothermal,
Feed-in tariffs or fixed “Royal Decree 2366/1994" resp. .
1994-present ES premium systems “Royal Decree 436/2004” All technologies (except Large hydro)
19942005  JP Investment subsidies . esidential PV Systemy,,
Dissemination Program
1994-present JP Voluntary net-metering rrs]glt]pfjlus electricity purchase PV
1996-present 2.'? ' U?(H’ NI"Voluntary green tariffs  Various brands Selected technologies
1996-present CH Voluntary stock "Solarstrombérse” PV
exchange
1997-present FlI Tax incentives Energy Tax Wind, minihydro  (<1MW), wood
based fuels
1998-present DE Labell_eq "Green TV, G_runer Stromiabel e'V"PV, Wind, Biomass, Small hydro
Electricity Oko-Institut
1999-present DE Soft loans “100,000 Dacher-Programm” PV
1999-2000 NL (Voluntary) All technologies (exempt municipal
Green certificates waste incineration)
2000-present DE, FIT Regulated Rates “Renewable energy act” Selected technologies
Quota obligation with : »
1998-present US TGC/Renewable “Elenew:bles PIC:)I'thgIC,)’ Standards Selected technologies
Energy Funds ean Energy Funds
2001-2004 IT Rebates “Tetti fotovoltaici” PV
2002-present ES FIT/premium All technologies
) Quota obligation with All technologies (wave, waste and
2002-present 1T, UK, BE TGC large hydro depend on the country)
) Quota obligation with . , PV, Wind, Biomass, Small hydro
2003-present  JP Tac Renewables portfolio standard (<=1MW), Geothermal
2003-present AT FIT “Okostromgesetz” All technologies
2003-present  SE .?é%ta obligation with All technologies. No waste
2003-present  NL Mixed Strategy (FITs, MEP (Environmental Quality ofAll technologies except hydro and
P tax incentives, TGC) Power Generation “non pure” biomass
2005-present  IT PV feed in “Conto Energia” PV
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Table 3 provides an overview of more recent promotion schemes to support glectrici
generation form RES in the countries investigated. In Europe, FITs setive main policy
instrument, with the exception of Finland, which exclusively uses tax credits antinenés
incentives for the promotion of RES.

Table 3. Current promotion strategies for electricity from RES in majocdtidtries, the US,

and Japan
RES-E TECHNOLOGIES CONSIDERED
Major Large ‘New’ RES (Wind on- & offshore, PV, Solar thermal dectricity, 'V'“T"C'pa'
strategy Small Hydro ) ) ) Solid
Hydro Biomass, Biogas, Landfill gas, Sewage gas, Geothein Waste
Austria FITs No Renewable Energy Act 2003. (Okostromgesetz)hil@logy-specific FITs guaranteed for 13 years fants | FITs for
which get all permissions between 1 January 20d34rDecember 2004 and, hence, start operatioheby t waste witt
end of 2006. Investment subsidies mainly on reditmval. No decision yet on follow-up support af2€04. | a high
share of
biomass
Belgium Quota/TGC | No Federal: The Royal Decree of 10 July 2002 (cjmral from F' of July 2003) sets minimum prices (i.e. FITs) RES-E-
+ guaranteed On regional level promotion activities include: \daia: Quota-based TGC-system on electricity sipph- increasing
electricity from 3% in 2003 up to 12% in 2010. Flanders: Qumaed TGC-system on electricity supplieiaereasing from 3% (r
purchase MSW) in 2004 up to 6% in 2010. Brussels region:dupport scheme yet implemented.
Cyprus FITs + No Government grants for 30-55 % of investment.skdfie in place since January 2006 and are guadafuie®5| No
government years. FIT level in 2006: Wind: 48-92 €/MWhBiomass, landfill and sewage: 63 £/MWh, PV uj5 to\:
grants 204 €/MWh.
Czech FITs and No FITs in place since 2002 Adoption of the ac2@®5 for plants installed after Jan 2006. Fixeftaption
Republic Premiums and premium option are offered alternatively arel@raranteed for 15 years in the fixed option. |[EVEI for
2006: Wind: 85 €/MWh fixed and 70 €/ MWh premium, &hiHydro: 81 €/ MWh fixed and 49 €/ MWh
premium, Biomass/biogas: 77-103 €/ MWh fixed and584€/MWh premium, biomass cofiring: 19-
41 €/MWh premium, Geothermal: 156 €/MWh fixed arab £/MWh premium, PV: 456 €/MWh fixed and
435 €/MWh premium.
Denmark FITs and No Act on Payment for Green Electricity (Act 47Bjxed (and low) premium prices instead of formehhITs | Subsidies
Premiums, for wind onshore. Tendering for offshore wind. Biags and biogas receive FITs of 80 €/ MWh for the fir | available
Net metering 10 years, 54 €/ MWh for the next 10 years. Net nrgefor PV used for individual houses for CHP-
for PV plants
using
waste..
Estonia FITs No Purchase obligation of RES-E only valid for amoof network losses. Level of FIT since 2003: #2¥h | No
for all RES guaranteed for 12 years. Programmeexitire in 2015.
Finland Tax No Tax refund: Mix of tax refund and investment subsidies:Tax nefof 6.9 €/ MWh| Tax refur
Exemption 4.2 € IMWh for Wind and of 4.2 €/ MWh for other RES-E. Investihsubsidies up (2.5
(plant <IMW) to 40% for Wind and up to 30 % for other RES-E. €/MWh)
France FITs No Up to mid 2007 FITs for RES-E plant < 12 MW (diplants are not due to the capacity limit) guagadtfor| FIT: 45
15 years (20 years PV and Hydro). Tenders for ptat MW. After mid 2007 no limitation of capacitgrf| 50 €/MWh
FITs, provided that the equipement are in spedfines decided by local communities and regipnal
administrations. (Energy act of July 2005). FITs riore detail: Biomass: 49-61 €/ MWh, Biogas and
methanisation: 75 — 90 €/MWh, including premium famergy efficiency up to 120 €/MW, including
premium for "methanisation” up to 140 €/MWh, Geothal: 76-79 €/ MWh, PV: 300 €/MWh (20 years)
including premium (for "integration in buildingstip to 550 €/ MWh; Sewage and landfill gas: 45-60&/M
wind Onshor&: 28-82 £/MWh; Wind Offshor&: 30-130 £/MWhHydrd': 54.9-61 €/MWh.
Germany FITs Only | Novel of German Renewable Energy Act in 2004: Fjliaranteed for 20 yedfsIn more detail, FITs for No
refurbi | new installations (2006) are: Hydro: 66.5-96.7 €/KY{80 years); Winti: 52.8-83.6 €/MWh; Biomass &
shmen | Biogas: 81.5-171.6 €/ MWh; Landfill-, Sewage- & Lditidyas: 64.5-74.4 €/ MWh; PV: 406-568 €/MWh;
t Geothermal: 71.6-150 €/ MWh
Greece FITs + No FITs guaranteed for 12 years with the possiklersion to 20 years. Tariff lev&l:Wind onshore, small No
investment hydro, geothermal, biomass & biogas: 73 €/MWh (esid) and 84.6 €/MWh (islands); Wind offshore:
subsidies 90 €/MWh (mainland and islands); Solar Thermal:-280 €/ MWh (mainland) and 250-270 MWh (islands);
PV: 400-450 €/MWh (mainland) and 450-500 €/MWhg(igls)
and a investment incentives: 30-40 % of investrmargntives or 100 % tax exemption are offereday |
3299/2004. Reduction of taxable income of up to 20%
Hungary FITs + soft FIT: Technology-specific FITs since 2005. Tariff lev2DQ6§": Geothermal, biomass, biogas, small hydro Waste: 3¢
loans 35-69 | (<5MW): 39-108 €/MWh, Solar and wind: 95 €/MWh; Guggration: 36-69 €/MWh. Soft loans from the | 108
13 FITs are guaranteed on national level for the first 10 yéangeration, e.g. in case of offshore wind in size of 90 €/MWh. Nleéy can only be claimed

gzclusively — in other words, they cannot be claimed if support is giyehe regional TGC-systems
Stepped FIT: 92 €/MWh for the first 5 years of operation and then be#&and 92€/MWh for the next 10 years.

15 Stepped FIT: 82 €/ MWh for the first
10 years of operation and then between 28 and 82 €/MWh for the next Slgpansiing on the quality of site.

16 Stepped FIT: 130 €/ MWh for the first 10 years of operation and theedie30 and 130 €/MWh for the next 10 years depending on the quality of site.
17 Producers can choose between four different schemes. The figwethe flat rate option. Within other schemes tariffs vary tree (peak/base etc.).

18 The law includes a dynamic reduction of the FITs: For biothas% per year, for PV 6.5 % per year, for wind 2 % and for gentiel % per year.

19 Stepped FIT: In case of onshore wind 83.6 €/ MWh for the firstiS pé@peration and then between 52.8 and 83.6 €/ MWh depending on the qugitity of
%g Depending on location (islands or mainland).

Tariffs are differentiated depending on load distribution.
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€/MW | Hungarian development bank. €/MWh
h
Ireland FIT No FITs are granted for 15 years. Tariff level @DOVind: 57-59 €/ MWh; Landfill gas: 70 €/ MWh; Othe No
Biomass: 72 €/MWh; small hydro: 72 €/ MWh.
Italy Quota/TGC | Quota obligation (TGC-system) on electricity suppi 3.05% target (2006), increasing yearly 0,32t02008; TGC isued for &
+ FITs for (new) RES-E (incl. large Hydro and MSW) — with i) redemptioff; no penalty; 12,528/MWh (2006 ) to purchase TGCs f
PV the grid operator, but market distortions appedieed in tariff for PV and locally investment siges from regional
administrations .
Latvia Quota + FITs The FIT-scheme has been replaced with a yearltaggystem in 2003, but some RES-E producers cantijiNo

receiving the FITs. However, political frameworknditions for the support of RES-E are currentlyemd
development.

Lithuania FITs No FITs are in place since 2002. Tariff level: drhgtro: 57.9 €/ MWh; Wind: 63.7 €/MWh; Biomass: No
57.9 €/MWh. The implementation of a quota obligati® planned for 2021.

Netherlands| No support No FIT-scheme was abolished in summer 2006 siregalrernment expects to fulfill the 2010 targetsethe | No
system EC without further financial support and RES-E supgosts were higher than expected.

Poland Quota/TGC Poland applies a green power purchase obligatime 2003 and started the certificate trading inddeber

2005. The quota target to be fulfilled is set &% in 2006 and increases up to 7.5 % in 2010.

Portugal FITs + No FITs (Decree Law 33-A/2005) and investment siibsiof roughly 40% (Measure 2.5 (MAPE) within FIT for
investment program for Economic Activities (POE)) for Wind, PBiomass, Small Hydro and Wave. Average FITs inurban
subsidies 2006: Wind*: 74 €/MWh; Wave: n.a. €/MWh; P¥:310-450 €/MWh, Small Hydro: 75 €/MWh waste:

75€/MWh

Slovak FITs and tax | No FITs since 2005 (Decree N°2/2005): Wind: 75M\8h; Small hydro (<5SMW): 61.7 €/MWh; Solar: No

Republik exemption 214.6 €/MWh; Geothermal: 93.9 €/ MWh; Biomass: Z2M\Wh. Tax exemption for RES-E in first five

years of operation.

Slovenia FITs or No FITs were introduced in 2004 and are granted.@oyears. There are two alternatives, the fixeiff @ption | No

premiums and a premium payment which is paid on top of tlagket price. Tariff levels (2004 — present): Snigitiro:

59-62 €/MWh (fixed) and 26-28 €/ MWh (premium); Biess: 68-70 €/ MWh (fixed) and 34-36 €/ MWh
(premium); Landfill & sewage gas: 49-53 €/ MWh (fiReBiogas: 121 €/MWh (fixed); Wind: 59-61 €/MWH
(fixed) and 25-27 €/MWh (premium); Geothermal: 3®1€h (fixed) and 25 €/ MWh (premium); Solar: 654
374 €/IMWh (fixed) and 31-341 €/ MWh (premium)

Spain FITs or Depen | FITs sRoyaI Decree 436/2004): RES-E producer higeight to opt for a fixed FIT or for a premium FIT:
Fixed d-ing | tariff*’. Both are adjusted by the government accordirtgeariation in the average electricity sale prioe| 53.6€/MW
Premiums on the | more detail (2006): Wind, Biomass, Small Hydro (MB&), Geothermal: 68.9 €/ MWh (fixed) and h (fixed) ¢
plant | 38.3 €/ MWh (premium); Solar thermal & BY/229.8-440.4 €/MWh 23€/MWh

sizé® | 194 €/MWh, Agricultural and forest residues: 61/BI&/h (fixed) and 30.6 (premium). Moreover, softfisa | (premium
and tax incentives (according to “Plan de Fomesettad Energias Renovables”) and investment sulssiti¢
regional level

Sweden Quota/TGC | No Quota obligation (TGC-system) on consumers:dasing from 7.4% in 2003 up to 16.9% in 2010. FamdV| No
Investment subsidies of 15% and additional smaigum FITs (“Environmental Bonu®) are available.

United Quota/TGC | No Quota obligation (TGC-system) for all RES-E:rkmsing from 3% in 2003 up to 10.4% by 2010 — Baiyou| No
Kingdom price is set at 32.33 £/MWh for 2005/2006. In addito the TGC system, eligible RES-E are exermgfr
the Climate Change Levy certified by Levy Exempt@ertificates (LEC’s), which cannot be separately
traded from physical electricity. The current leaye is 4.3 £/MWh. Investment grants in the frarhe o

different programs (e.g. Clear Skies Scheme, DOffshore Wind Capital Grant Scheme, the Energy €rdp
Scheme, Major PV Demo Program and the Scottish QamitsnRenewable Initiative)

22 In general only plant put in operation aft&iof April 1999 are allowed to receive TGCs for their producedrgedectricity. Moreover, this allowance is
limited to the first 8 years of operation (rolling redemption).
23 GSE (Italian Agency for renewable supporeseés) influences strongly the certificates maskditng its own

certificates at a regulated price — namely at egpsiet by law as the average of the prices paddaire electricity from
RES-E plant under the former FIT-programme (CIP&)us the income from the sale os such electrigityhe market..

24 Stepped FIT depending on the quality of the sit
25 Depending on the size: <5kW: 420 €/ MWh or >512®4 €/MWh.
26 Hydropower plants with a size between 10 t&/®8 receive a tariff of 68.9 €/ MWh (fixed) or 38.3

€/MWh €/MWh, larger plants (25 to 50 MW) can opt &ofixed tariff of 61.3 €/ MWh or a premium paymerft

30.6 €/MWh.

27 In case of a premium tariff, RES-E generatars én addition to the (compared to fixed rate Igvweemium tariff
the revenues from the selling of their electricitythe power market.

28 In case of PV the expressed premium tariffreetie plant > 100 KW. For small-scale plants (<kW0) only a fixed
FIT is applied.

29 Decreasing gradually down to zero in 2009
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United Quota/TGC | No Quota obligations established in 21 U.S. statesvering 40% of U.S. load — by 2006. Design lend! of
States + tax quotas varies by states. 10-year, 1.9 cent/kWerégroduction tax credit available to certainkfié&RES-E
incentives + sources. 30% federal investment tax credit avigilfdst solar installations. 15 states have deyedb
state funds renewable energy funds, typically collected throetgttricity surcharges, and these funds have dpesl
incentive programs that spend roughly $500 milfien year on various RES-E technologies, through a
variety of different kinds of programs. The largesthese programs involves rebates and production
incentives for customer-sited photovoltaic systamSalifornia.
Japan Quota/TGC + No Quota obligation (TGC-system): Increasing from 3.3TMWRO003 up to 12.2TWh (approx. 1.35%) in 2010, 16 TWh (approXes (exemj

tax incentives +
voluntary net-
metering

1.63%) in 2014. TGC issued for all RES-E (exempt large hyelt{V), non-biomass fraction of MSW, conventional
geothermal). Maximum price of TGCs is set at 11JPY/kWdluktary net-metering for PV offered by power companies:
The current purchase price is about 23JPY/kWh.

nonbiomas
fraction)

Over time, many countries have gone through major changes and occasioisalsener
their renewable support policies, either in response to what was or was not workingeto ma
it more effective, or in response to political or public sentiment. Figure 4 showsdhgion
of the main support instrument for selected countries over time. Countries whel€ bz F
been continuously in effect since 1997 are Au$triaermany, Greece, Luxembourg, Portugal
and Spain. Countries with major changes include:

e The UK and Ireland who replaced their problematic tender schemes by a quédtiorg
in combination with a TGC-market in 2002 and 2005 respectively;

e A few others including Belgium and Italy who substituted their FIT-systema quota
regulation;

¢ Sweden which switched to a quota obligation complementing the already etastiagd
investment incentives in some cases;

e The US where tax credits have been complemented by the introduction of RPS
obligations in a number of states starting in 2000; and

e Japan which introduced a quota system in 2003 on top of an existing voluntary net
metering for PV that has been offered by utilities since 1992.

30

with a short interruption for small hydro in 2001
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US™ (based on Ragwitz et al. 2007, Wiser et al.2007).

Institutional and political determinants of policy

The wide variations in the choice of instruments, their timing and intended goalseemay
largely explained by variations in political developments and intentions of diffeoentries.
Indeed, one can speculate a strong collation between the choice of instrumeet®| thie |
FIT or premium offered, and stability of the policies with the institutional antiqadli
environment in each country. Three main sets of parameters are at playnstithganal
arena and further described in Box 1.

% There are also some limited FITs in the US, bes¢haren’t too significant and are not indicatethis table
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e The political, culture and policy style — Countries with a market-orientedgablit
culture and a liberalistic government tend to choose the most market-basadénst
in the belief in the efficiency of market incentives and the desire to makeHEB
promotion instrument compatible with the electricity market principles.

e The convergence of supply security and CO2 emissions reduction — Countries with
meagre domestic energy supply and/or little fuel diversity tend to be oeaceith
energy security and may be concerned about CO2 emissions.

e The absence of a strong conventional energy equipment-related industry —&Sountri
who lack major manufacturing capabilities in fossil or nuclear power sectortd be
strong proponents of a national RES industry.

Box 1

Why European countries differ on their RES promotion policies?

¢ United Kingdom — UK’s energy sector is focused on market forces and competitjon
as the main means of controlling costs. This explains the government’setiarige
on tending process with cost cap, and then TGC obligations with buy-out provisipns,
at the expense of effectiveness of the instrument. UK currently enjoys a Qigle dé¢
energy self-sufficiency in conventional energy resources and is less roethedrout
supply security. Moreover, Britain has been able to dramatically redussiens by
replacing coal generation with natural gas.

e Germany - The promotion of RES is primarily driven by the politics of CO
reduction, the phase out of nuclear energy and an increased dependence on imported
energy. This explains why Germany was among the two first countries to irgrodyc
generous and stable FIT instruments.

e Denmark - Since 1990s the Danish government has given high priority to RES gnd
energy conservation for environmental reasons. Wind power has traditionally befen
promoted through generous schemes. Another motivating factor has been a fas
growing domestic wind power industry. The Danish strategy has changed sittr
of government in 2001. The incoming liberal-conservative government is relying
mainly on market forces to promote RES. As a result no net increase in land based
wind power has taken place since 2003.

=

e Spain- Increasing energy dependence ang €Rissions are major issues. Spanist
government and industries feel constrained by a nuclear moratorium. The regional and
local communities contribute to the momentum by helping to facilitate the plannipg
and location process.

—J

=]

e |taly - Cogeneration and renewables have been promoted since the 1990s undgr a FIT
system inspired by the PURPA experience in the US and to alleviate investment
constraints. Renewables are also seen as contributing to reduce the coumiryig gf
energy imports exasperated by the nuclear moratorium of the mid-1980&akaly
adopted intensive market reforms and has introduced a TGC system in place of|the
FIT system to be consistent in its electricity market reform.

e France - Thanks to the powerful political lobby for nuclear energy, France relies pn
atom for roughly 70% of its electricity generation, complemented by hydro
production. Energy equipment manufacturing industry is quite successful in the
exports markets. A renewables policy was developed to maintain the nuclear opf

on
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while giving a perception of support for renewables. Despite the adoption of a
generous FIT system in 2001, the net effect has been modest to date due to plahning
and siting difficulties.
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4. Comparison of strategies

This section summarizes the major national programs which have been implemented i
different counties including a description of support system and policy tangktding and
changes over time; a discussion of the attractiveness of the scheme frstorgiymint-of-
view; an overview of the effect of the policy as well as an overview of the pro®araf ¢
alternatives.

Feed-in tariffs and premiums

In Europe, FIT began to attract attention in the late 1980s especially in Denmar
Germany and Italy followed by Spain in 1990s. It is the most widely used promotion
instrument in Europe. Figure 5 shows variations in FIT for electricity from onshiode
turbines between 2003 and 200&dicating a broad range of support, some varying over
time. In 2005, the schemes varied between from 60 and 90 EUR/MWh due to differences in
wind conditions and different levels of support in different countries.

The FITs attract a lot of capacity, since a fixed tariff is guaeahteut only if the FIT is
set at a level sufficient to meet investors’ needs. This is evident in counthesuystantial
growth in wind power such as in Denmark in the 1990s, and Germany and Spain in the recent
past.
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Fig. 5. FITs for electricity generated from onshore wind in selected Eamaqmeintries

The experience of US, Germany and Spain with FIT are highlighted below.

Implementation of PURPA in the US

The earliest form of a mandatory FIT may be traced to Public UtilitieslRiegy Policy
Act of 1978 (PURPA) in the US. PURPA required utilities to purchase power fromfyqmgl
facilities (QF) including small renewable generators and combinedihdgiower plants.

% The performance of FIT is discussed in section 5.
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Pricing varied by state but, especially in California, prices were tidwetprice of the
marginal conventional fossil fuel, which was high and projected to incredsetane,
yielding highly attractive returns to renewable energy investorstifMaet al. 2005).

PURPA faced early legal challenges, but once it was underway, and whese it wa
implemented aggressively, it enabled an environment in which renewable devetopdrs
secure financing for their projects because they could sell their output tinaetiaely
priced long-term standard contracts. There was little risk under the scheme

PURPA was implemented differently in each state. The state of Califtenedoped a
particularly generous standard contract, some as long 15-30 years witth &fikdor the
first 10 years of facility operation. Combined with favourable state andaledercredits, the
growth of QF capacity, which included renewables, was astounding, aidedifoynias
diverse and abundant renewable energy resources. Over a short period of timk2 &odut
MW of geothermal, small hydro, bio-power, solar thermal, and wind power capaaties w
constructed in the US in the 1980s, of which more than half were in California (Martaiot et
2005).

But PURPA also had unintended negative consequences. By providing high profjtability
it created an over-heated renewable energy market in which project degetamguably
occurred at a pace that exceeded the ability of the industry to efficieliigrdeMoreover,
because the incentives were capacity based, there was more of an inoatepi@y capacity
(MW) rather than generate electricity (MWh). Finally, because oféhergus incentives that
were offered and the high number of project failures, PURPA-inspired QF®esu#
backlash within the regulated utility industry, which was obligated to buy the powetdsbut
within the financial community and among some policy makers. This negatct®rea
arguably set the industry back to some degree (e.g., Martinot 2005, Wiser 2006)asartly
result of these factors, the US renewable energy market remained Eegglgnt between
the late 1980s and the year 2000 as state level implementation of PURPA beasame le
aggressive and certain Federal and state tax incentives were alloweddo expir

Implementation of FIT in Germany

In Germany, a fixed FIT scheme has been in place since 1991 when the Bldeteci-
in Act was passed. In 2000 this act was substituted by the Renewable Eneagy Act2.5%
target for the share of RES in electricity generation to be achieved by 26 Estahlished.
The most important change has been the uncoupling of the tariff level from thnieigjec
retail price and the setting of new tariffs based on the actual genecasts of a technology.
This means that tariffs are not only differentiated by technology, but alsmw&igiven
technology. Moreover, the tariff is adjusted according to location-speeifieration costs
influenced by wind speed, size of a plant or the fuel type in case of biomass.

Another feature of the Renewable Energy Act is a tariff degression foins&adlations
designed to encourage technological development and learning. The act was am20064d i
with a 20% target for the share of renewables in electricity geoefayi 2020. The FIT for
onshore wind has been reduced and sites with poor wind conditions have been excluded.
Tariffs for geothermal electricity, small-scale biomass plantsPV were increased.
Furthermore, additional bonuses were granted for innovative technologieswabashehent
of large hydro plants. Investment security for generators of green@tgads virtually
guaranteed by FITs for a time scale of up to 20 years.
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As shown in Figure 6 depicts, roughly two third of the increase in electricityajeme
from RES of about 40 TWh since the early 1990s may be attributed to onshore wind. Since
2000 — the year of the implementation of the Renewable Energy Act — more windycapaci
has been connected to the German grid than all previous years. By 2005, Germany was
getting about 11% of its electricity from RES in 2005, compared to about 4% in 1997.

Despite the impressive gains, the German FIT scheme has its shatiesyfrapstly large
incumbent utilities and energy intensive customers who complain about the extra dest bur
for the promotion of RES. Proponents of the FIT point out (Figure 23) that the German
scheme is only marginally more generous than others in Europe. Another problemviadhat
power plants are concentrated in the Northern part of Germany strainingahe loc
transmission network, which is also influencing load flows in neighbouring European
countries. In balance, the German FIT may be considered a success Is¢itrgpating at a
price.
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Figure 6. Impact of German FIT on RES in Germany
Source: International Energy Agency 2006, Eurostat 2006

FIT in Spain

The dominant policy instrument for the promotion of electricity from renewabl8pain
is an FIT, which has been in place since 299%he same year, Spain established a 12%
national target for renewables in total energy consumption by 2010. To furtherasgeour
investment in wind, the FIT scheme was amended in 2004 to effectively guarantemfsa
during the whole lifetime of a plant and additional incentives were introduced. Green
electricity can either be sold in the market by using a bidding system or hHvdatgral
contracts. By the end of 2004, the overall remuneration level under the market option has
increased more than was expected due to rising electricity market prices

% 1n 1998 two alternative payment options for gretsttricity generation were introduced, a fixedftaicheme
and a premium tariff, which was paid on top of ¢fectricity market price. The choice is valid fareoyear, after
which the generator may decide to maintain théftaption or change to the alternative option. Unbleth
payment options, grid connection and purchaseeftken electricity are guaranteed
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Figure 7. Growth of electricity generation from renewables excludigg hydro in
Spain

Source: Eurostat 2006

As a result of these favourable conditions, the deployment of RES in Spain sidsdiesl t
off in the late 1990s with 30 TWh of additional generation in 2006, mostly from onshore wind
(Figure 7). The only criticism of the scheme is that the premiums offeretbent@p generous
for wind generators. Yet, by and large, the Spanish scheme may be chaad&s@nother
European success story because it has resulted in a significant incregdeyimelet of
renewables with modest subsidies (Figures 5 and 12) in a relatively short pehod. of
Continuity and stability of the policy even under changing governments have caaribut
significantly to the success of the policy.

Bidding/Tendering systems

Government tendering schemes to promote RES have been used in the 1990s in France
(for wind energy and biomass), Ireland (The Irish Alternative EnergyiRement), Denmark
(the last two off-shore wind farms) and the UK, as well as in many states th$. The most
well-known of these promotion strategies is the non-fossil fuel obligation@\NFFENgland
and Wales, which is further described below. Similar schemes have been usedamdScot!
(Scottish Renewables Order, SRO), and Northern Ireland, NI-NFFO).

However, in most cases, the schemes did not work effectively and starting in 2001/2002
the competitive tendering schemes were abandoned. Figure 8 comparesitige relat
effectiveness of bidding vs FITs for wind energy in Europe prior to 2001 clearly shtven
superiority of FIT schemes. Partly as a result of this, the UK switcheceteesvables
obligation scheme in 2002. More recently, both Ireland and France have also chdfiged to
systems.
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Figure 8. Comparison of the relative effectiveness of FIT and competitisertag schemes
in promoting wind power deployment, 1990-2001

Source: Haas et al 2003
UK'’s non-fossil fuel obligation (NFFO)

As originally envisioned, the UK’s NFFO was to deliver 1,500 MW of installedaitypa
from RES by the year 2000. The rational for the competitive tendering schente wvaite
developers to bid to construct renewable energy capacity. The tendering prooés select
among the viable proposals the least cost options within each technology grouping. To
facilitate financing, the winners would be awarded relatively long-temtracts, up to 15
years with a guaranteed surcharge per unit of output for the entire contradt pee
difference between the surcharge paid to NFFO generators (premiumapidca yeference
price (Pool Selling Price) was to be financed by a levy on all elegtsialies of licensed
electricity suppliers. The costs of this |&yere to be passed on to consumers (Mitchell,
1996).

In total five tendering rounds were conducted in England and Wales resulting in 880
contracts being awarded. The competitive bidding resulted in declining pree time as
expected. Since the first round in 1990, average prices have decreased from 6.5 p/kWh to 2.71
p/kWh (Figure 9). Even lower prices, less than 2 p/kWh, were obtained in Scotland for wind
power, lower than electricity from coal, oil, nuclear and some natural gaschid¢raes
provided revenue security as long as the plant operated. On surface, thischfipbara
successful scheme.

However, things did not go smoothly in practice. Many of the awarded contracts did not
materialize while others failed to meet the expected capacity tdFigtse 10). Many factors
contributed to this including submission of unrealistic bid prices to secure a conttact a
failure to obtain planning and other consents. Similar experiences with contiaet fiaive
been common in other bidding schemes (e.g., Wiser et al. 2006a). One lesson from this
experience is that tendering schemes lacking penalties for non-delisgriyendeficient
compared with other subsidy schemes. In 2002, the NFFO was replaced by the enewabl

% The levy remains now only to continue the previpesntracted arrangements.



23

obligation,RO (see section 4.4) while contracts already awarded continue tadoendalr the
older terms.
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Figure 9. Bid prices under NFFO in England & Wales, prices in EUR-cent/kWh

Source: www.ofgem.uk
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Quota-based Trading systems

Alternative forms of quota-based systems are now in placgerElU countries, in some
21 states and the District of Columbia in the U.S. and in Japan. Urbpdan quota systems
are based on tradable generation certificates, TGC (Talai®) in the US, the schemes are
referred to as renewable portfolio standards, RPS (Table 5).


http://www.ofgem.uk/
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Table 4.Quota-based TGC systems in EU and Japan
Source: Ragwitz et al 2007, METI 2007

UK Belgium Belgium Italy Poland Sweden Japan
(Flanders) (Walloon)
Period Start 2002 Start 2002 Start 2002 Start 2001 Start 2005 Start 2003 rt 2083
Obligation 3% in 2003, 10.4 % in 1.2% (2003), 2% 3% in 2003 2% in 2002 and 7.5% in 2010 7.4% in 2003, 16.9% in  approximately 0.4% in 2003
2010 (2004) increasing upincreasing up to 12%ncreased annually by 2010 approximately 1.4% in 2010
to 6% in 2010 in 2010 0.35% between 2004 approximately 1.6% in 2014
. 0
From September ~ and 2008
2010 onward, the
quota will be
multiplied by 1.01
obligation on Supplier Supplier Supplier Producers and Supplier End-user Supplier
importers
technology bands No (introduction of ~ No No No No No No

(baskets) within
overall quota

technology banding is
planned for the future)

involved technologies small hydro****, wind, all renewables, no all renewables and all new renewables ~ Small and large

small hydro (<1,5 MW), PV, Wind, Biomass, Small

biomass, solar -, geo- solid municipal high quality CHP  (incl. large hydro, hydro, wind, large hydro (only some hydro up to 1MW,
thermal energy, no  waste MSW, hydrogen and biomass cases), wind, biomass, Geothermal (exempt
waste CHP), geothermal, wave conventional type)
Existing plants No Yes Yes No (for certificate No Yes (small hydro) Yes
eligible issue), Yes (for quota
fulfillment)
international trade No. No No yes, but only in No Trading scheme with No
allowed exchange with physical Norway planned BUT NOW
electricity and with ABOLISHED
countries that allow
reciprocity
Floor price not planned. at federal level: Frofdf July 2003 Not planned No Floor prices for the No
onward the grid operator is obliged to buy introductory phase (in
TGC issued anywhere in Belgium for the €/MWh):
minimum prices per TGC (in size of 2003: 6.6; 2004: 5.5; 2005:
1MWh) of: 4.4; 2006: 3.3; 2007: 2.2;
offshore wind 90 €, on-shore wind 50€, from 2008 onwards no floor
hydro: 50€, solar energy: 150€, biomass: price is planned.
20€, Within the Wallon-region, RES-E
producers may exchange their TGC for a
subsidy at a fixed price of 65 €.
Penalty The Buy out price is 75 €/MWh (in 2003; From £ of April No penalty is set; the The Buy out price is 150% of the market price — 1 million JPY to non

£30,51/MWh (for
2003/2004)
(~45 €/MWh)

10 €/MWh in 2004: 2003 onward: 100 grid operator sells 100 EUR/MWh
' €/MWh (100€ per certificates at a fixed
2885125 €MWh in missing TGC in size price 12,528 €/ MWh

of IMWh) (2006)

but with a maximum of
about 19 €/MWh in 2004,
and 26 €/MWh in 2005

fulfillment supplier.

Trading scheme stock exchange stock exchange

direct support Market.

Open, trading anlilateral or in the TGC Power exchange

bilateral or in the market
managed by private brokers

open

A comparison of recent TGC prices are presented in Figure 11, showing reltditel
price levels in most countries, over this three-year period, but wide dispariggsing
across systems. . The salient features of some of the schemes follow.
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Figure 11.Comparison of TGCSsprice levels in selected countries
Sources: Held et al 2006, METI 2006, Wiser et al. 2007.

European TGC schemes

Currently, quota-based TGC systems are in effect in the UK, SwedenBitdyim, and
Poland. In the UK, Belgium and Poland suppliers have to demonstrate compliance with the
obligation; in Sweden the end-users are responsible while in Italy the quataldeafulfilled
by the producers and in a rather complicated way described below. In allhmebldgations
can be met by:

e Producing certificates by generating electricity from qualifyienewable plants;

e Purchasing TGCs from other eligible generators, other suppliers, tradénsuah
organized exchanges; or

e Paying a penalty or “Buy-Out Price” set by the regulatory authority.

In the UK the Renewables Obligation (RO) scheme came into effect in 2002gsaart
3.4% coverage of electricity demand for the period of 2003/2004, gradually increasing t
10.4% by 2010/2011 and remaining at that level until 2027. The major problems with the
British RO scheme are that certificate prices are high, althoughlglégadreasing from 2003
to 2005 (Figure 11), and that so far the quota has never been fulfilled. For example in 2004
only 2.2 % of electricity has been generated from new RES vs. the 3.4 % spiedifie
quota®.

There are several explanation for this. In fact, not meeting the taajsbia function of
at least three major factors: (i) the low penalty, respectively the fact that thadtges
recycled to the renewable generators (see above); (ii) location andtipgyeonstraints; and

% Since TGC prices in the US vary by state, Masssettsiand Texas are used as examples

% Notice that, because of multi-riks for the prodscelevelopers and for obligated suppliers, mosh@fuotas
are complied within long term contracts betweerpsgps and producers and the exchange of cergficdbes
not play the role that the theory could suggest.

7 Of course, more investigations are necessaryttdegailed insight on the effects of a hybrid instent
(control by quantity —the quota — and by price -Hhg out price) to explain its poor effectiveness
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(i) banking is not allowed so RES generators fear (with good reasons) tltbdgbethey
come to the quota the lower will be the ROC price. Note that this is despite theatdong
term contracts are possible and most of the certificate handling takesvitaoevertically
integrated large companies.

The penalty mechanism in the UK deserves special attention. Adlitpepayments are
placed in a central fund. This fund is redistributed to suppliers whigh in@t the obligation
in proportion to the number of ROCs each supplier has presented. Thénefoeal costs for
a supplier who is not complying with the obligation are higher than tibtal Buy-Out Price
payments (‘fines’). In contrast, accomplishing and surpassing the dr§&ttprovides
additional economic incentives. That explains why ROC prices ngher than the Buy-Out
price in the first years. This situation can be expected as dsnthe market is short of
electricity from RES. Figure 12. depicts the number of ROGed: UK between October
2002 and March 2005 by technology and couhti@learly, in England the cheap options
landfill gas and biomass co-firing dominate. In Wales and Swbiteashore wind and hydro
are also among the preferred options.

10,000,000
9,000,000 | m Scotland
8,000,000 - Wales

W England
7,000,000 |
6,000,000 -
5,000,000 -

ROCsissued [1 ROC = 1MWHh]

4,000,000 -
3,000,000 - I
2,000,000 - I
1,000,000 - I
. . %
Landfill Biomass Biomass Sewage Onshore Offshore  Hydro Micro
gas co-firing  (others) gas wind wind < 20MW  hydro

Technology

Figure 12. Number of ROCs issued in the period April 2002 to March 2005 by technology
and country (Note: 1 ROC = 1MWhel). Source: OFGEM (2006)

Italy introduced its TGC scheme in 2002, obligating all producers and importers of
electricity to supply 2% of their power from new renewable electriciiyy @xceptions for
combined heat and power (CHP) plants, renewables and companies generating1€§s that
GWh.

Today the situation in Italy is similar to the British case. TGC pricesuamong the
highest in Europ® (Figure 11) mainly because they expire in eight years. Two types of TGC

% The UK ROCs system has not directly affected sgtierators, e.g. roof PV, small wind, and smadlrby
% The high price of the TGCs sold by GSE is duéherhechanism for the price setting. When the géioeraf
low price sources like hydro power is low, the Wiyl average of the price paid for former feedantracts is
higher and so the price of certificates. The saamphns when the avoided cost, which has a cosir feataited
to the fuel prices, rises as happened in 2006.
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are on the market: those from qualified facilities and those sold by the markaboper
Gestore Servizi Elettrici (GSE), who trades the certificatesdssugenerators under contract
with the previous FIT program at a price calculated each year. The role eftifieates sold
by (GSE) is to reconcile the previous FIT scheme with the new, a delisktsinae the quota
of the obligations has to be managed to avoid the supply of certificates from nésv pla
exceeds demand, which will result in zero price for the certificates. Tidfecthis control

and give elasticity to the supply, banking of certificates has been allowedd years.

In Belgium, two TGC schemes have been in existence in parallel since 2002, one in
Flanders and the other in Walloon. The former was designed to promote energyigener
form waste, biomass and wind and it was clear from the beginning that thesl|mmirket
may result in liquidity problems. Currently, TGC prices in Flanders are arherfgghest in
Europe (Figure 11). But as shown in Figure 25, if the windfall profits due to the promotion of
prior capacity are taken into account, the additional costs for customers déoatgannew
electricity from RES increase to about 18 cent/kWh (Verbruggen (2005). The quenesxity
for not fulfilling the quota, of the order of 100-125 EUR/MWHh, is not considered a major
barrier since it is in the same range as the actual certificagsgRgure 11).

In the case of Sweden, new RES capacity increased significantly in 2004 and 2005 when
certificate prices were low (Figures 13 and 26). The Swedish quota systerdadiome old
capacity to qualify for certificaté®resulting in a free-rider problem and generating windfall
profits for plants constructed before the TGC scheme went into effect. Tikebaiya of
additional tax incentives and investment subsidies, especially for wind power pksts
contributed to the problems.

Renewable portfolio standards in the US

In the US Renewable Portfolio Standards (RPS) have become the most common
instrument for promotion of renewables at the state level, with 21 states andttlot @fis
Columbia adopting such schemes (Langniss and Wiser 2003, Wiser et al 2007). These
schemes collectively encompass 40% of electricity supply in the US ancdhasumi
standards for renewable energy in the energy mix. As detailed in Wise(280b), the
design of quotas varies considerably across states (see Table 5).

Table 5. Current RPS schemes in the US (Source: Wiser et al. 2007)

State Start Ultimate Existing Technology Bands or Tiers
Date Target Plants
Eligible
Arizona 2001 15% (2025) No Yes (Distributed Generation)
California 2003 20% (2010) Yes No
Colorado 2007 10% (2015) Yes Yes (Solar)
Connecticut 2000 10% (2010) Yes Yes (Class I/l Technologies)
Delaware 2007 10% (2019) Yes Yes (Vintage)
Hawaii 2010 20% (2020) Yes No
lowa 1999 ~2% (1999) Yes No
Maine 2000 30% (2000) Yes No
Maryland 2006 7.5% (2019) Yes Yes (Class I/ll Technologies)
Massachusetts 2003 4% (2009) No No
Minnesota 2005 10% (2015) Yes Yes (Biomass, Community Wind)

0 Recently, this system has been modified and ctiyremainly new capacities qualify for certificateaded.
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Montana 2008 15% (2015) No Yes (Community Wind)

Nevada 2003 20% (2015) Yes Yes (Solar)

New Jersey 2001 22.5% (2021) Yes Yes (Solar, Class I/ll Technologies)
New Mexico 2006 10% (2011) Yes No

New York 2006 24% (2013) Yes Yes (Distributed Generation)
Pennsylvania 2007 8% (2020) Yes Yes (Solar)

Rhode Island 2007 16% (2020) Yes Yes (Vintage)

Texas 2002 ~4.2% (2015) Yes Yes (Goal, Non-Wind)

Washington 2012 15% (2020) No No

Washington DC | 2007 11% (2022) Yes Yes (Solar, Class I/l Technologies)
Wisconsin 2001 10% (2015) Yes No

The full effect of these RPS policies has not yet registered since omystafies have
more than five years of experience and some of the quotas have been set but have not ye
produced results. In the past few years, however, these policies have begun tazable a s
impact on the renewable electricity market in thé'lUbgure 13, for example, shows that
roughly half of the non-hydro renewable energy capacity additions since 2000J8 theeve
occurred in states with quota obligations, most from wind power. Importantly, because of
technology set-asides that exist in a number of states, a growing amouar ensogy is
also being supported by these obligations. By some estimates, these quots systém
result in the installation of over 40 GW of new RES capacity by 2020 generatingyr@3ghl
of projected US electric sales.
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Capacity Built in RPS States
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Figure 13. Cumulative non-hydro capacity from renewables in the U.S.
Source: Black & Veatch 2006

In general, the most successful quota systems in the U.S. are those that haweoequire
motivated long-term contracting with RES developers, with short-term ctstfaenbundled
TGCs used as a secondary compliance tool. These long-term contracpscaitby the result

*I |t is important to note that most of the state R®Ecies work in combination with federal tax intiees
available for RES projects. In addition, many afgt policies are applied in still-regulated eledtrimarkets in
which regulated utilities solicit long-term renev&lelectricity contracts to comply with the stardfar
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of a competitive bidding procedure conducted by retail suppliers obligated to mgabtae
Though a significant degree of contract failure has occurred in some statesyamhgent
oversight has been required in others, many schemes appear to be functioninfycieiticef
and effectiveness.

In some states where unbundled, short-term trade in TGCs dominate the market, however
problems similar to those in the UK have arisen, with TGC prices set by théygenel,
rather than based on market forces. In these instances, renewabletglpotjects struggle
to receive financing, despite potentially high prices and profits due to theviked. This
has especially been the case in restructured electricity mfarkdtsre load obligations are
uncertain, and retail suppliers have typically been reluctant or unable tonémtienger-term
contractual arrangements for electricity from renewables or unbundI€S”T® remains to
be seen whether this factor will complicate new project development in the tongated
whether the resulting aggregate cost of the quota will be acceptable.

Though short-term trade in TGC is not common in many of the RPS markets in the US,
several states have TGC markets that are sufficiently liquid to hagatteon price data
available (in the US, TGCs are referred to as renewable energy attfior RECs).. These
states are typically those in which both retail electric competition and hguolesale
electricity markets exist. Figure 14 presents monthly data on the ayaeiag of RECs in six
different states and the District of Columbia.
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Figure 14.REC prices in selected states
Source: Wiser et al. 2007

Clearly, TGC prices in the US have experienced considerable variations aradegsn
and even within a single market over time. TGC price differences acrokstsgeflect

2 Some states have restructured their electricityrkets in the United States to allow competitioroagretail
electricity suppliers,while others have not.

3 Customers in restructured markets can switch sengpldding to retailer uncertainties in secutorgy-term
contracts
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dramatically different state RPS designs as well as differenceailalde resources, vintage
and geographic eligibility rules, the level of the RPS compliance targetpshand
availability of renewable generation in the region and the level and design odstrcap, to
name a few. Variations in TGC prices within a given market and over timetrifiée
influence of changes in RPS rules or expectations of those rules, the actual gretitace
speed of renewable energy development relative to the RPS targets anddbeotiegr
competition for renewable energy from other states or from the voluntary green powe
market, among other factors.

In a number of states, a variety of design pitfalls including the followiag baen

experienced, causing quota systems to under-perform:

e Uncertainty in the duration or design of the quota policy;

e Quota targets and eligibility rules that do not require new renewable tyapaci
development;
Unclear or inadequate enforcement of the quota;
Quota targets that are too aggressive to be achieved;
Extensive exemptions of potential retail suppliers obligated to meet the quibta; a
Inadequate compliance flexibility.

Overall, experience with the quota schemes in the US has been decidedly nieed. W
the RPS scheme is mainly based on competitive bidding and long-term conitiacts w
suppliers, they appear to be working effectively and efficiently. As prdyiousntioned,

RPS programs appear particularly problematic in restructured elyatn@arkets where
retailers are uncertain of their future load obligations, and are therefostisies unwilling

to enter into long-term contracts. Despite the mixed experiences, quotaspateigkely to
remain the predominant form of support for renewables in the US, at least in themear ter

4.3.3. Renewable energy schemes in Japan

In 2003, Japan introduced an RPS scheme requiring that approximately 1.35% of each
retail supplier’s sales in 20E@ome from eligible RES, defined as PV, wind, biomass,
geothermal and small hydropower (LMW or less), rising to 1.63% by 2014. Elgdaaoit
PV is credited at two times the value from 2011 to 2014. To be certified the renewable
electricity must be sold to the grid. The total target has been set to intase3 TWh in
2003 to 12.2 TWh in 2010 and 16 TWh by 2014. The targets afedompared to those in
the Europe and the US, partly because large hydropower and geothermaigitdeinglder
the scheme and also because a considerable amount of electricityegefreratbiomass is
consumed for self use.

As with other RPS schemes, retail suppliers and renewable generatdradeay
certificates and banking as borrowing of certificates up to 20% of the tasgatiowed. The
maximum price of the certificate is set at 11 JPY/kWh (approx. 9 US cents/kWhptahe
amount of RES supplied in 2005 was 5.6 T%ivhich exceeded the actual target of 3.8TWh.
The targets from 2006 to 2009 were revised upward by 4 TWh in total as a part of the review
process conducted in 2006.

* All dates are fiscal year (from April to March)Japan
> Renewables currently account for roughly 10% gphdese generation
*® The mix was PV 0.46TWh, wind power 1.91TWh, biomass0TWh, and small hydropower 0.70TWh.
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Since the enactment of the RPS scheme, renewable generation has stead#gdncre
(Figure 4), a trend that is expected to continue (Nishio and Asano, 2006), while prices have
declined. The certificates were traded at a relatively stalde pange of around 5 JPY/kWh
(approx. 6 US cents/kWh) from 2003 to 2005 (Figure 11), presumably because the transaction
prices are determined with taking the banking into consideration from a lenga@vpoint.

Promotion of PV

Several large-scale programs to promote PV have been implemented in diffeieent pa
the world, the cumulative effect of which are shown in Figure 15. Three of the most
significant are briefly described.
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Figure 15. Cumulative installed PV capacity in selected markets

Source: Lopez et al 2007

Japanese Residential PV Dissemination Program

A subsidy program for promotion of PV in the residential sector in Japan was laumched i
1994. By the end of 2005 when the subsidy program was terntiniatead resulted in over 1
GW of new capacity and the average cost of a residential PV system had drpppaa b
than half (Figure 16). The subsidy program succeeded in creating a marketaeduahted
for less than 1% of the whole residential market, but was large enough tp|prgfe
investments in mass-production facilities.

Several factors contributed to success of the program including a consichecidgy-
push policy® (Kimura and Suzuki, 2006). However it is not clear if the momentum of the
program will continue following the termination of investment subsidies in 2005ndit is
likely that additional promotion schemes in the residential sector will beHadrxy the
government, currently focusing on R&D support for innovative PV technologies baswel
subsidies in the non-residential sector. Moreover, the future role of the voluntangteeing
schemes currently offered by the power companies is not certain.

*" Several local governments are continuing finarsigdport programs.

8 The Japanese government has been providing langemore stable R&D budgets for PV over the lasrigu
century than other major producing countries sigctha US and Germany according to IEA’s R&D stitsst
Also, for reference, the overall budget relatedda energy technologies by METI (Ministry of Econgm
Trade and Industry) has tripled from 48 billion JAY¥Y1996 to 156 billion JPY in FY2006.
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Figure 16.The Japanese residential PV promotion program
Source: Lopez et al 2007, NEF2006

German Rooftop PV Programs

The first major promotional program for residential PV was the 1000 roofs program
launched in Germany in 1989 and completed in 1994. The scheme resulted in installation of
PV systems with an average size of 2.6 kW and a total capacity of 6.15 MW on some 2,250
German roofs. Average system cost was US$15,000/kW with subsidies covering 70% of the
investment costs.

An expansion of the first scheme, called the 100,000 Roofs Program, was launched in
1999 with the aim of reaching 100,000 installations with an average size of 3kW for a total
installed capacity of 300 MW. Low-interest loans were provided as the main ineloigem
initially set at 0% and with a payback time of ten years. The initial respoiise program
between 1999 and 2002 was rather modest (Figure 17) and the program suffered from a
number of stops and starts. In 2000 the interest rate was raised to 1.8% and favorable feed
tariffs of 50.6 €Cent/kWh were introduced. The combination of the low interest andd-id |
an impressive uptake resulting in deployment of 261 MW.

7.000 400.000
— - - — Lo b
6.000 + ~ - 350.000
~N— — — &~ __
—
% 300.000

5.000 +

T 250.000
4.000 +

- 200.000

€/kWp
kWplyear

3.000 +
- 150.000

2.000 +

- 100.000

1.000 - 50.000

0 t t t t 0
1999 2000 2001 2002 2003 2004

‘ Subsidy —® ' System Price —#&— kWp/year

Figure 17.The German 100,000 roofs programme
Source: Lopez et al 2007
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California's PV Programs

California is the market leader for grid-connected PV in the US drivennbixture of
state and local incentives as well as plentiful sunshine. Historically, Ridiegy has been
supported through capital cost rebates — denominated in $ per Watt — offered toe®V syst
installers or owners to buy down the installed cost of solar installations , thoughenently
performance based incentives have also been used. Incentive programs hauppmaéeds
by the California Energy Commission (CEC) and the California Publiciggi€ommission
(CPUC), as well as the state’s publicly owned utilities.

The CEC has administered a PV incentive program called the Emerging Ressewabl
Program since 1998. As of the end of 2005, the CEC had paid out incentives to over 15,000
PV systems, totaling 62 MW in capacity. The CPUC’s Self-Generatmentive Program
(SGIP) began accepting applications in 2001 and offered rebates for custmuétV
systems of at least 30 kW in sizand installed by customers taking electric or gas service
from one of the state’s private utilities. As of the end of 2005, the CPUC had paid out
incentives to 403 PV systems, totaling 49 MW.

Over time, both the CPUC and the CEC programs have altered the structure and size of
their incentives for PV installations. The CPUC initiated its incentiv&4.&/W and dropped
the incentive level to $3.5/W in December 2004; the CPUC further reduced the inagntive t
$2.8/W for applications received after December 2005. The CEC'’s standard incemtae s
at $3/W, increased during the state’s electricity crisis to $4.5/W and thémedietd $2.6/W.
At the beginning of 2007, California’s solar programs were been restructured, mgctudi
move towards performance ($/kWh) based incentives.

As shown in Figure 18 customer response to these incentives was disappointing at first,
with relatively little PV capacity being added through 2000. Demand for PV sentea
substantially after 2000, mainly as a result of the state’s electitsig in 2001 and in
response to the higher rebates offered at that time (Bolinger and Wiser 2882edtictions
under the program have been substantial, at least for smaller systems.
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Figure 18.California's Emerging Renewables Buydown Programme (CERBP)
Source: CEC

9 Systems can exceed 1 MW in size, but the rebdseapplies to the first 1 MW
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Meanwhile, the state government in 2006 established the California Million FSadds
initiative, with a goal of encouraging 3,000 MW of new solar PV systems througiya |
term, sustained, declining incentive program. The CPUC — in conjunction with the G&C
developed an implementation plan for this initiative, which includes performaned-bas
payments for the majority of systems over 30 kW in size, replacing the curréonup-
rebates. The program is envisioned to be significant is size (~$3.2 billion) hhed(sthl
years) enough to significantly reduce system costs over time.

Investment-based Tax Incentives

A number of options have been used to promote renewables with fiscal instruments
including:

e Lower VAT-rate applied for renewable electricity systems;
e Making dividends from RES-investment exempt from income taxes; and

e Tax credits for investments in RES.

These options have similar impact, acting as investment subsidies for nelatinstal
Table 6 gives an overview of existing investment-based tax incentives in EUiesusid
the US.

Table 6. Investment-based tax incentives in various EU countries and the US as of end of
2006

Sources: Ragwitz et al 2007, www.dsireusa.org

Country Investment-based tax incentives

Private investors get tax credits for investmemtsusing renewable energies (personal incde€. The

Austria amount is generally limited to 2.929 € per year

13.5 — 14% of REfvestments deductible from company profits, regjkes depreciation of investmen

Belgium Reduced VAT on building retrofit if energy efficieynis included (6% instead 21%)

Denmark  The first 3000 DKK of income from wind eggrare tax free.

Deduction of 15% investment costs with a maximum306D0€ per person. Reduced VAT (5.5%)

France renewable equipment (not applicable to installatiosts)
German Losses of investmes can be deducted from the taxable income. Thisifiareases return on investments
Y wind projects
Greece Up to 75% of RES-investments can be deducted
Ireland Corporate Tax Incentive: Tax relief cappe8&0% of all capital expenditure for certain RBESdstments
Ital VAT reduced to 10% for investments in wind and so86% deduction of PV, solar thermal and ent
y efficiency investments up to 54.000 € (55% from 200
Up to 30% of any type of investments on RES caddziucted with a maximum of 7@per year. Reduct
Portugal :
VAT (12%) on renewable equipment
Spain Corporation Tax: 10% (up to 20% in some autonomegns) taxihbility instead of 35% for investments

environment friendly fixed assets.

EIA scheme: RESavestors (most renewable energy systems) arebligp reduce their taxable profit w
The 55% of the invested sum.

NetherlandsLower interest rates from Green Funds: RE&stors (most renewable energy systems) canrobdaier

interest rates (up to 1.5%) for their investmentereover dividends gained are free of income taxpfivate
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investors.

30% federal investment tax credit availbbr solar installations (capped at $2000/systemrésidentia

United users; up-capped for commercial systems).

States Favorable 5-year accelerated tax depreciation fistrmew” RES-E

A number of states offer their own income, sales, property tax exemptions and incentives.
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Figure 19.U.S. wind power additions, by Year,
Source: AWEA 2007, www.awea.org/fag/instcap.html

One of the best-known tax incentives is the US federal production tax credit (Fii€l), w
has been in place since 1994. The incentive is based on production, rather than investment,
and is currently valued at 2.0 cents/kWh. Development of wind power in the US in recent
years has been strongly tied to the PTC combined with a number of state-levelygteotes s
Even where quota systems are not in place, wind development now occurs in some states
based on the PTC alone. Unfortunately, the PTC has expired and been re-instituted wi
regularity making it difficult for developers, investors and financiers to glaady and
resulting as a boom-and-bust cycle of wind development as shown in Figure 19.

Mixed strategies: Wind energy in Denmark

In terms of large-scale integration of wind power in the electricity sydbeenmark is in
a class of its own. In 2005, nearly 20% of the country’s electricity consumptiopradsced
with wind powef. The western part of the Danish grid, which is not connected to the grid in
the east, gets 24% of its electricity from wind power (www.ens.dk).

The major reason for this impressive record is that wind power has had a prominent role
in the Danish energy plans from 1990 and 1995. The target for wind in 2005 was an installed
capacity of 1,500 MW or around 10% of Danish electricity demand. This target wasdexcee
by a factor of two by 2003, where the installed wind capacity passed the 3,000 AW ma
(Meyer, 2005).

Additionally, Denmark has enjoyed a stable legal framework and a favéidbseheme
supported by successive governments. This created a stable investmestinlittnatL 990s

% Adjusted to an average wind year.
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and ensured that the overall energy policy did not change dramatically unttl @cshifred in
2001 with the arrival of a liberal-conservative government. Another contribiatibgy was

the introduction of a comprehensive wind atlas showing the local potential for wind @mergy
different parts of the country (Petersen et al 1981).

Prior to 1990s, the majority of renewable generators were cooperatives wiedeiajo
exemptions for their shareholders, guaranteed minimum price system amdryiaife
treatment for the neighborhood. Starting in early 1990s Danish municipalitieSovesd to
indicate sites suited for wind power generation. At that time many fasaeran advantage
in owning their own turbines as a financial investment that could be written off on the
business account of the farm. This possibility was not available for the cooperéis a
result many of the new turbines in the late 1990s were owned by farmers arupeeszel
Since 2001, anyone, including investors from abroad, may own wind turbines in Denmark. At
the end of 2006 nearly 5,500 wind turbines were operating in the country.

In 2004, a political agreement was reached by the Danish Parliament tcénaiad
power capacity over the coming years by some 350 MW through a repowering scheme.
Furthermore, the agreement included two tenders for offshore wind farms of 200 MW eac
together with a decision to introduce full legal and ownership unbundling by segaratin
transmission and production of electricity. This is expected to increase windpseheme of
Danish power generation to 25% by 2008. Beyond 2008 it is expected that most of the
development will have to be offshore and by the replacement of older onshore turbines.

The Danish Wind Associations has proposed a goal of 50% wind power by 2025 in the
Danish energy mix with the installation of 200 MW per year. A recently publigtedygsis
from the associatioh shows that wind power’s share of Danish electricity consumption could
be increased from the 20% or 6.6 TWh in 2004 to 50% or19 TWh while reducing the number
of wind turbines by more than two thirds, from the current 5,500 to 1,750. The turbine types
onshore are assumed to be 1 MW, 1.5 MW and 3 MW machines, all commercially available
today, while the offshore turbines are assumed to be 4 MW and 6 MW turbines.

o1 As recently published in (Danish Wind Turbine GasAssociation, 2005).



5. What works and why?

Reviewing the variety of schemes and instruments described above one is teragted t
whether these programs have been successful and if so by what measure® mbsttw
important criteria are effectiveness and economic efficiency. Additeriteria include
credibility of the scheme for investors and the reduction of generation costen.efable 8
provides a summary of the relevant performance parameters, which heg fescribed

below.
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Table 8. Summary of performance parameters

RES

Period of Lantit Magnitude of  decrease in Risk for
time dq | 3:1 absolute support over . Other important aspects
analysed eploye support level time? Investors
(W/cap yr) |
FIT&premium:
US (PURPA) 1978-1990 Medium high No low
Denmark 1992-1999 high low No low
Germany 1998-2005 high medium Yes low
low (fixed
Spain 2002-2005  high option); Yes low
medium
(premium)
Support level to high
Austria 2002-2005 high Medium No low because of parallel
investment subsidies
Portugal 2002-2005 high Low No low
France 2002-2005  low Medium No low High administrative
barriers
RPS and quota-based TGC:
UK (RO) 2003-2005 low (quota High Yes Medium/hi Penalty too low
not met) gh
Time of validity of RES
Italy 2003-2005 Low High No high plants for certificates too
low (8 years)
high (quota Windfall profits due to
Sweden 2003-2005 9 mgt) Low Constant medium  some old capacities also
qualifiying for certificates
low penalty, Windfall
Belgium 2003-2005 low (quota High No Medium/hi  profits due_ to some old
not met) gh capacities also
qualifiying for certificates
Texas 2003-2005 High Low No Low/Medi Low with Iong_ term
(quota met) um contracts available
Medium Few longer-term
Massachusetts 2003-2005 (quota not High No High contracts available
met) TGCs
Japan 2003-2005 "0";’1(6‘1”)“"“ Medium No Low
Tendering:
UK (NFFO)  1990-1998 low Low Yes Low after Capacities to low

selection
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Effectiveness of policy instruments

To examine the effectiveness, one must look at the relevant outcome, in this case the
guantities generated or capacities installed and so on. To make relevant somaiarong
different countries, the figures must be examined by capita. Moreover, one mmmsexll
new RES as well as specific types such as wind and PV.

Figure 21 shows policy effectiveness of different policies for elégtigeneration from
all new RES for the period 1998-2004 for EU, US and Japan measured in terms of
incremental amount of RES installed per year and capita. Not surpriddegiynark ranks the
highest on this score with about twice as high renewable electricity deplayethe next
ranked countries Finland, Sweden, Spain and Germany. It should be noticed, however, that
since 2003 the net increase in wind power capacity has been close to zero in Denmark.

Many of the variations in Figure 20 can be attributed to different promotion sslsercte
as the quota-based TGC system in Sweden as opposed to investment incentivasdrafthla
FITs in the other countries. Other factors also play a role such as the iatyadéb
inexpensive hydro electricity in Nordic countries and plentiful supplies of cheejpiety
from biomass. Moreover, progress was generally much slower in new EU méategitisan
in the old EU-15 countries. Of the former, Hungary and Latvia showed the higlagiserel
growth in the period considered. The US and Japan deployed clearly less newdRiitg\ele
per capita than the EU-25.
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Figure 20. Policy effectiveness of support measures for electricity from new RES (e

hydro) measured in additional KWh per year and per capita for the period 1998-2004 in the
EU, the US and Japan

Sources: EUROSTAT 2006, IEA 2006b, METI 2007, Black & Veatch 2006

Looking at onshore wind (Figure 21) the EU countries with the highest policy
effectiveness during the considered period — Demark, Germany, and Spain -caesttieat
applied fixed FITs during the entire period 1998-2005, except for Denmark which had a
change in 2001. The resulting high investment security as well as low adnivedbariers
stimulated a strong and continuous growth in wind energy during the last decadatiBgt,
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high administrative barriers in countries like France can significanthpbathe development
of wind energy even under a stable policy environment combined with reasonablyTsgh Fl
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Figure 21.Policy effectiveness of onshore wind onshore measured in additional capacity per
year and per capita in the period 1998-2005 in the EU, the US and Japan
Sources: EUROSTAT 2006, IEA 2006b, METI 2007, Black & Veatch 2006

With respect to PV — currently onetbie most expensive among renewable technologies
— Germany and Japan show the highest effectiveness based on this particsliae ifiegure
22). Obviously, generous FITs — as in Germany and Luxembourg, combined with net
metering and rebates in Japan, produce results.
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Economic efficiency

In examining economic efficiency three parameters are of intelesituge support
levels, total costs to society and dynamics of the technology. As an indicdterfalldwing
the support levels are specifically compared for wind power in the BU-15

Figure 23 shows that for many countries the support level and the generatsoareos
very close. Countries with rather high average generation costs frequewhasigher
support level. A deviation from this trend can be found in the three quota systems in Belgium
Italy and the UK, for which the support is presently significantly higher thexgéneration
costs. The reasons for the higher support level expressed by the current diesateerices
may differ. Main reasons are risk premiums, immature TGC markets, and dlubty vianes
for the certificates, which apply to Italy and Belgium.

For Finland, the level of support for onshore wind is too low to initiate any steaayhgr
in capacity. In the case of Spain and Germany, the support level indicatedria ZE3gu
appears to be above the average level of generation costs. However, the poténtiathevi
low average generation costs have already been exploited in these countreethduedent
successful market growth. Therefore a level of support that is modenagkér than average
costs seems to be reasonable even if it results in windfall profits for some wind powe
owners?® In an assessment over time also the potential technology learning sfffectd be
taken into account in the support scheme.

2. A comparison of all new RES would provide toodmt@anges for generation costs as well as for stippo
measures.

*3 Under TGC all the technologies receive the matgioat, i.e. there is a higher profit for some loost
technologies (wind power, biogas in Italy). Und@gthquantitative targets this can result in higbests for the
electricity consumers.
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Next the relation between quantities deployed and the level of support is ankligsed.
often argued that the reason for higher capacities installed is a highertsepgloAnd it is
accepted that the resource endowments of RES vary from country to countripxiRaiéy,
countries with highest support levels — Belgium and Italy for example -remegathose with
the lowest specific deployment (Figure 24). On the other hand, high FITs eggacial
Germany and Spain are often named as the main driver for investmentalBspeaind
energy. However, the support level in these countries is not particularly highreoyth
other countries analysed here.

* Minimum to average generation costs are shownusecthis range typically contains presently rehlisa
potentials which investors would normally deployoider to generate electricity at minimum costs.

Furthermore, the maximum generation costs can hehigh in each country so that showing the upjet ¢
range for the different RES-E would affect the wgaitity of the graphs




42

14

12 |

10 - [ GCsystems
. FIT systems

6 .AT

Support level (c/kWh)
C
x
[]

ES B

0 ‘ ‘
0 50  Lwhicaplyr 100 150

Figure 24. Effectiveness vs costs of promotion programmes for electricity from RES i
selected countries (2002-2004)

Source: own investigations

What triggers investments?

Analyzing the various promotional strategies from the point-of-view of inv@stay
allow a better understanding of program costs and help in the design of moemeffici
schemes (Langniss, Wiser, 2003; Finon, Perez, 2007).

FIT schemes and tendering instruments may work well in combination to promote both
mature and less mature technologies. In fact there are similaritiesdoicer-buyer
arrangements with respect to these systems. The risks to purchasenseaatbgeis largely
alleviated in cases of FITs and tendering. This is due to long-term contracesdemgur
governments. One should note, however, that in the tendering system, transactiom costs ar
much higher for the developer than in the FIT system, due to the cost of preparation for the
bid in the tendering process.

In the quota-based TGC systems, multiple risks for the investors mayeerasudfing in
strong preference for long-term arrangements. The strong bilaterdeipésdence between
developers and obligated purchasers may lead to long-term contracts and to vertical
integration. Recourse to spot transactions of green certificates has turtetewnly
marginal in determining the certificate price. For small and mediurd sizgpliers with
uncertain demand, there remains a tension between the risk associated with taetynoer
future loads and the certificate obligation as well as the efficiency w&giag the risks by
long term contracting - as shown in the RPS programs which are set in some o$the m
liberalized US electricity markets.
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However, some authors (e.g., Lemmings, 2003) argue that with regard to finaksial ri
the TGC/quota systems may give incentives to renewable electhigsiglopers to avoid
contracts with forward fixed price because the spot market will give hpgbspects for
profit.

Four elements play against this view. Firstly, volatility and price nekhah because the
size of the certificates market is small. Secondly, in the case wherpra#@ifers sell green
electricity as two products (electricity sale on one hand and greeiicagzs on the other),
the risk to the green certificate price is added to the risk of the wholesciiecly price.
Certificates banking which is supposed to help the obligated suppliers to respespidbes
can increase the lack of liquidity in a period of tight supply of certificatesdyhir
transactional complexity which results from intermittence of RES géoaralso influences
the choice of long-term contract. The absence of a purchase obligation on pigsicality
(it is only a quota of certificates) reinforces the producer’s incergigericlude long term
contracts in order to simplify transactiéng-ourthly, the price of certificates is affected by a
number of risks, in particular the regulatory risk arising from an eventuatadtein the
renewables portfolio of eligible technologies (adding a cheap technologyce-<igng or
burning waste — may lower the prices because it increases the quantityaiflavai
certificates). In addition comes the risk of large actors exercisingetaower. So the RES
producers have good reasons for negotiating contracts with buyers who aretsuipjetas.

Furthermore, it is important to underline than most of the quantity-based instsument
(European TGCs, American RPS programs) win in effectiveness when théy toreme
reinforcement by subsidy on investment or on production In the UK, technologyispecif
investment grants selected by tendering for projects based on second-ezhketbgies
complement TGC systems in order to mitigate their drawback in fosteriregyviar
technological deployment. In the US the quite recent combination of the renewedl fede
support by tax credit on production and RPS programs have had important revival effect as
shown by the recent wind power capacity growth (see Fig. 19).

The above reflections indicate that a long-term and stable policy envinbifone
potential investors - with favourable economic support schemes — may be thed«y font
the success of developing renewables markets.

Cost evolution of technologies

The cost reduction of the renewable technologies is another importanadoteri
evaluating the efficiency of policy instruments in relation to technologeeahing. In the
following the development of costs for onshore wind and PV are examine.

The development of investment costs for wind turbines from the early 1980s until 2005 in
Europe and the US is shown in Figure 25. In both regions, costs have dropped signifitantly
Europe, costs decreased from around 2,500 EUR/kW in 1982 to 1,500 EUR/KW in 1990 and
further to below 1,000 € in 2000. Since then costs have stagnated due to shortage of turbines
in a fast growing market.

* Long-term contracts also define the party whichsgthe balancing costs: generally the obligategkens
assume them.
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Figure 25Development of the investment costs of wind turbines in Europe (data based on
Denmark and Germany.
Source: Nej at all 2003, Morthorst 2006, Wiser and Bolinger 2007. Data are in real 2006
prices.

A similar trend can be observed in the US where installed wind projects astsoam
extending back to 1982, including both proposed and online projects. A significant drop in
investment costsup until about 1996 can be seen, and followed by stagnation and, more
recently a rise. Similar trends can be observed for PV system costs, vigife global demand
have resulted in high profits for developers.

The cost development for electricity generation from (small) P¥ésysin different
countries is shown in Figure 26 where the decreasing cost trend has been replaced by
stagnation and even a slight increase in costs during recent years.rhaislisdue to
shortage of basic silicon material for the production of traditional PVs in a tagtngy
market. Also, the recent stagnation of cost reduction implies that a fugtheotogy
innovation is required for PVs in order that they become economically competitive wi
conventional power plarits

*® The data included in this graphic include inforimaton 265 wind projects totaling 17,420 MW.
*" For a more detailed analysis of the developmeth@tosts of different components see Lopez/Hz2266).
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Figure 26. Cost reductions of PV systems over time (Source: Lopez/Haas et al 200@rdata
in real 2000 prices)

With respect to the price development in California Wiser et al. (2006) argubeHack
of a sustained long-term policy commitment may be reducing the incentigesior
reductions. Moreover, PV prices have been fluctuating along side rebate R gisces
increasing with rises in rebate levels - and falling with rebates drdps.nleans that subsidy
variations, if not designed with care, may be used by retailers to inche@sevtn profits to
the disadvantage of consumers in a sellers market. Perfect competitioristgdyretheory,
and this should be taken into account when designing support schemes.

6. Conclusions

Clearly, a wide range of policy instruments have been tried and are inrpldifferent
parts of the world to promote renewable energy technologies. The design anchgect of
these schemes varies from place to place, requiring further reseaetetmine their
effectiveness in delivering the desired results. The main conclusionsnhz deawn from
the present analysis are:

e Generally speaking, promotional schemes that are properly designed vathbiea
framework and offer long-term investment continuity produce better resuttdibgity
and continuity reduce risks thus leading to lower profit requirements by investors

e Despite their significant growth in absolute terms in a number of key rsatketnear-
term prognosis for renewables is one of modest success if measured in térens of t
percentage of the total energy provided by renewables on a world-wide basiss. & hi
significant challenge, suggesting that renewables have to grow amafester pace if
we expect them to contribute on a significant scale to the world’s energy mix.
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